Introduction
In Jordan, cancer is a major cause of morbidity and mortality. 1, 2 Colorectal cancer (CRC) ranks second for newly diagnosed cancer cases among Jordanians; according to the World Cancer Research Fund, CRC ranks first among men and second among women. 3 Generally, many external and internal factors may be involved in the development of cancer, and some of these factors may act in tandem or separately to initiate or promote cancer development. 4 Some research studies have suggested that a low intake of fruits and vegetables may be associated with CRC, while a high intake of fruits and vegetables may prevent the development of cancer. 5, 6 Typically, a diet rich in fruits and vegetables will provide a good source of carotenoids, folate, vitamin C, flavonoids, organosulfides, isothiocyanates, and protease inhibitors. 7 These compounds act as antioxidants and may play a role in preventing and reducing the risk of developing cancer, 7 and some data suggest that dietary fiber contributes to a reduction in the risk of developing CRC. 3 Furthermore, according to Steinmetz and Potter, 8 increasing a person's intake of fruits and vegetables to more than 3.4 servings per day might reduce the risk of developing cancer. By contrast, other studies have found no association between fruit and vegetable consumption and CRC. 9, 10 However, Vogtmann et al 11 showed that fruit intake was inversely associated with the risk of CRC development, whereas consuming vegetables was unrelated to risk among middle-aged and older Chinese men. Koushik et al 12 reported that vegetable and fruit intake was inversely related to CRC risk among men but not among women, and the researchers argued that this association was stronger for colon than for rectal cancer.
Many studies that have evaluated the effect of fruit and vegetable consumption on developing CRC are controversial, and knowledge is lacking with regard to the association of the CRC process and commonly consumed fruits and vegetables among those in the Middle East. The change in the Jordanian diet from being high in fruits, vegetables, whole grains, and olive oil to a diet low in fruits and vegetables and high in red meat and saturated fat may increase the risk of developing CRC. 13 Therefore, the present study aimed to investigate the possible association between the number of servings and frequency of fruits and vegetables commonly consumed by Jordanians and the risk of developing CRC.
Materials and Methods

Study Population
A total of 504 volunteers participated in the study (men = 220; women = 281). Of those, 220 had CRC and 281 were healthy controls. Participants were enrolled in the study from January 2010 to December 2012. Those diagnosed with CRC were recruited from 5 large Jordanian hospitals with oncology services (King Hussein Cancer Center, King Abdullah University Hospital, Prince Hamzeh Hospital, Jordan University Hospital, and Al-Basheer Hospital).
Inclusion and Exclusion Criteria
To be included in the study, volunteers had to be of Jordanian nationality, aged 18 years or older, and able to verbally communicate. They also had to be free of cancer other than CRC, diabetes mellitus, liver disease, and/or rheumatoid arthritis. Those with CRC must have received a confirmatory diagnosis no later than 1 year from the time of the first interview. Participants were excluded if they had a critical illness or were currently hospitalized. To control for confounding variables, the control group was recruited from hospital personnel, outpatients, visitors, and accompanying persons, and were then matched by age, sex, occupation, and marital status. Control participants were subjected to the same inclusion and exclusion criteria. When control participants were enrolled in the study and were listed as visitors or accompanying persons, we ensured that they were unrelated to any study volunteers diagnosed with CRC. The ratio of volunteers diagnosed with CRC to controls was approximately 1:1. The ethical committees of all 5 hospitals approved the study protocol, and written informed consent was obtained from all participants prior to starting the study.
Data Collection
Trained research assistants collected the data via private interviews in which the participants were informed about the purpose of the research. During the interview, different valid questionnaires were used to collect personal and family histories, diet (current and past), and physical activity level.
Food Frequency Questionnaire
A validated Food Frequency Questionnaire (FFQ) in Arabic was used for to assess the diets of the volunteers. The FFQ was modified from the Diet History Questionnaire I of the US National Cancer Institute and was validated for use in the Jordanian setting. 14 Participants were asked about their food intake (specifically fruits and vegetables) before being diagnosed for the CRC group. A 1-year period was chosen for the data collected by the FFQ so that seasonal variations of fruits and vegetables would be available, although most participants indicated a constant dietary pattern during the last 5 years.
Food lists in the modified FFQ questions were classified based on 21 types of vegetables and 21 types of fruits and juices. For each type of food, participants were asked whether they separately consumed each food item (eg, apple, banana, oranges, broccoli, sweet pepper). An answer in the affirmative resulted in additional questions related to frequency and amount of food consumed in its season (if the fruit is seasonal). Additional details were obtained for types of food available in different forms (eg, whole, juice, cooked, raw). If the participant's diet did not include a food type, then related questions were skipped and the research assistant moved to another question. Participants were asked how frequently on average during the last year they consumed 1 standard serving of a specific food item from 9 different categories (< 1 per month, 2-3 per month, 1-2 per week, 3-4 per week, 5-6 per week, 1 per day, 2-3 per day, 4-5 per day, or 6 per day). Food models and standard measuring tools were used to help participants estimate the portion size they consumed. Responses on consumption frequency of a specified serving size for each food item were converted into average daily intake rates. Dietary intake rates were then analyzed using dietary analysis software (ESHA Food Processor SQL version 10.1.1; ESHA, Salem, Oregon) with additional data on foods commonly consumed in Jordan.
Physical Activity Level
The 7-day Physical Activity Recall (PAR) was originally developed by Sallis et al 15 and was used in this study to measure physical activity level. The 7-day PAR is an organized questionnaire that charts a participant's recall of time spent practicing physical activity during a 7-day period. It involves various levels of physical activity intensity, such as aerobic exercise, work-related activities, walking, gardening, recreation, and leisure activities. The frequency, intensity, duration, and type of the physical activity are typically taken into consideration when measuring the level of physical activity.
Participants were asked to respond to a PAR question based on the way they used to behave prior to being diagnosed with CRC. The number of hours spent in different activity levels were obtained and converted into metabolic equivalents (METs). The average METs for walking are 3.3, 4.0 for moderate activity, and 8.0 for vigorous activity. The score expressed as MET minute per week was calculated as MET level × minutes of activity ÷ day × days per week. The total physical activity MET minutes per week was obtained by summing the METs and then performing categorical analysis (inactive, minimally active, or health enhancing physical activity active).
Anthropometric Measurements
Weight (measured to the nearest 0.1 kg), height (measured to the nearest 1.0 cm), and body mass index (BMI) were calculated per the previously published protocol. 16 A family history of CRC was obtained by asking participants if any of their first-or second-degree relatives had CRC or any other type of cancer.
Statistical Analyses
All statistical analyses were conducted using IBM SPSS Statistics for Windows version 19.0 (IBM; Armonk, New York). Descriptive analyses were conducted to examine the frequency of different variables. The consumption of fruit and of vegetables was computed in 2 ways, either grouped into 5 categories based on number of servings consumed daily (< 1.0 servings per day [referent category], 2 servings per day, 3 servings per day, 4 servings per day, > 5 servings/ day) or grouped based on frequency (daily, weekly, monthly, monthly, rarely). The referent group was the category with the lowest intake for both types of computation.
Multinomial logistic regression was used to calculate odds ratios (ORs) and confidence intervals (CIs), and linear regression was used to calculate P values for trend. Age (continuous), sex, BMI (continuous), physical activity level (continuous), total energy intake (continuous), occupation, education level, marital status, and family history of CRC were evaluated as potential confounders. Chi-square was used to detect the differences among categorical variables. The significance level was set at P < .05. Table 1 shows the distribution of standard risk factors for the study participants by the number of servings of fruits and vegetables consumed each day. Cases and controls were matched for several parameters, including age, sex, occupation, and marital status. Therefore, no significant differences were detected in those parameters when the participants were categorized according to sex and number of fruit or vegetable servings. In addition, no significant differences were seen in BMI, tobacco use, family history of CRC, total energy intake, or physical activity level between the different levels of fruit and vegetable consumption among men and women.
Results
Statistical analysis (not shown here) revealed that a significant difference was detected in BMI between the female cases and controls. A trend in family history of CRC was seen to decrease as the number of fruits and vegetable servings in both men and women increased. For men, regular physical activity was significantly different between the categories of vegetable consumption (P < .022). Table 2 shows the adjusted ORs of CRC by number of fruit and vegetable servings in the cases and controls. In general, as the number of total vegetable servings increased to 5 servings per day, the incidence of CRC significantly decreased (OR 0.23, 95% CI: 0.55-0.97). Moreover, increasing cauliflower consumption to more than 2 servings per week increased CRC risk (OR 1.352, 95% CI: 0.21-8.69, P = .001). By contrast, consuming figs and dates revealed an inverse association with CRC development. As the number of servings increased up to 1 serving per day, the risk for developing CRC decreased (from OR 0.60, 95% CI: 0.34-1.06, P = .003, to OR 0.48, 95% CI: 0.27-0.89, P = .006). No relationship was found for all fruits, raw or cooked leafy vegetables, tomato, salad, green beans, peas, carrots, sweat peppers, apples, pears, banana, peach, grapes, melon, watermelon, strawberry, oranges, grapefruit, apricots, bommali, aloe vera, and dried fruits.
The adjusted ORs and CIs for the frequency of consuming individual fruits, vegetables, and starchy vegetable items are shown in Table 3 . After adjusting potential confounders, the results show that daily consumption of citrus fruit, apple, peach, melon, watermelon, strawberry, and apricot had no effect on CRC risk. Both fig fruits (OR 0.51, 95% CI: 0.28-0.92), and dates (OR 0.52, 95% CI: 0.27-0.98) had a significant daily protective effect against CRC risk, while kiwi (OR 0.69, 95% CI: 0.34-1.41) had a weekly protective effect (for all: P value for trend < 0.05).
Consuming different types of vegetables was seen to either increase or decrease the risk of developing CRC (Table 4) . However, no significant association was detected between any type of vegetable and the risk of developing CRC. Leafy vegetables (raw and cooked), tomato, and salad showed a protective but insignificant association with CRC risk. In addition, the risk of CRC tended to increase when participants increased their daily consumption of cabbage (OR 2.30, 95% CI: 0.28-19.14, P trend = .001) and cauliflower (OR 4.46, 95% CI: 0.72-27.68, P trend = .001). For mixed vegetables, the risk of CRC was reduced even more (OR 0.53, 95% CI: 0.08-3.56, P trend = .017) when consuming mixed vegetables on a daily basis. Fruits and vegetables were compiled according to cultural influences. For example, tomatoes and sweet peppers were categorized as vegetables, not fruits; aloe vera is known culturally as a fruit because it is eaten as a dessert rather than as a vegetable closely related to the onion/garlic family. MET = metabolic equivalent. Fruits and vegetables were compiled according to cultural influences. For example, tomatoes and sweet peppers were categorized as fruits, not vegetables; aloe vera is known culturally as a fruit because it is eaten as a dessert rather than as a vegetable closely related to the onion/garlic family. AOR = adjusted odds ratio, CI = confidence interval, MET = metabolic equivalent, OR = odds ratio. Fruits and vegetables were compiled according to cultural influences. For example, tomatoes and sweet peppers were categorized as fruits, not vegetables; aloe vera is known culturally as a fruit because it is eaten as a dessert rather than as a vegetable closely related to the onion/garlic family. AOR = adjusted odds ratio, CI = confidence interval.
Discussion
The association between fruit and vegetable consumption and CRC risk is inconclusive. [17] [18] [19] Although the association between total number of fruit and vegetable servings consumed on a daily basis and CRC risk is insignificant, the present study shows that a significant protective effect was detected when the serving number of vegetables increased to 5 servings per day. No association was found between the CRC development and consuming leafy vegetables (raw and cooked), tomato, and salad. Similar results were seen with the daily consumption of citrus fruit, apple, peach, melon, watermelon, strawberry, and apricot.
The results from the current study are in agreement with observations reported elsewhere. [20] [21] [22] [23] One large prospective trial that studied dietary fiber and CRC risk found an inverse association between fruit and vegetable consumption and CRC risk. 21 However, the results of other large prospective studies have been less clear. 20, 22, 23 A prospective trial conducted by Koushik et al 12 enrolled 5,838 volunteers and found that the relative risk for a high level of fruit consumption was 0.93 (95% CI: 0.85-1.02), 0.94 for a high level of vegetable consumption (95% CI: 0.86-1.02), and 0.91 for a high consumption level of both fruits and vegetables (95% CI: 0.82-1.01). These results suggest that high intakes of fruits and vegetables have -at most -a modest inverse association with CRC risk, 12 a fact that is similar to the results of the current study.
The potentially protective effects of fruit and vegetable consumption have been attributed to numerous compounds, including polyphenol, capsaicin, flavonoids, lycopene, isothiocyanate, selenium, vitamins A, C, and E, folic acid, and beta carotene. 24 Fiber can act as anticarcinogenic substance within the colon through several mechanisms, one of which is the formation of short-chain fatty acids via fermentation by colonic bacteria. Fiber also helps reduce intestinal transit time and increase fecal bulk, decreasing the possibility of absorbing toxic and carcinogenic substances. In addition, fiber may reduce the production of secondary bile acid and enhance insulin sensitivity. 25 The unexpected outcome of the current study was the increase seen in CRC risk as the daily consumption of cruciferous vegetables (cabbage, cauliflower) increased; in the case of cauliflower, consuming 2 servings or more each week increased this risk. A possible explanation for this result is the storage and Fruits and vegetables were compiled according to cultural influences. For example, tomatoes and sweet peppers were categorized as fruits, not vegetables; aloe vera is known culturally as a fruit because it is eaten as a dessert rather than as a vegetable closely related to the onion/garlic family. AOR = adjusted odds ratio, CI = confidence interval.
culinary processing conditions of cruciferous vegetables, which could affect their glucosinolate contents. When vegetables are frozen and thawed, chopped, or shredded during cooking preparation, the enzyme myrosinase converts glucosinolates (a chemically stable compound) to isothiocyanates. 26 If these vegetables are not cut prior to cooking, then cooking them at high temperatures will denature their myrosinase content, which results in a lower conversion rate of glucosinolates to isothiocyanates. Song and Thornalley 26 demonstrated that vegetables boiled for more than 30 minutes have no detectable isothiocyanate or amine degradation product. Jordanian cuisine largely depends on cooking cabbage and cauliflower as whole pieces and for long periods of time using high temperatures. In addition, cauliflower may be deepfried and cabbage is usually stuffed, as a whole leaf, with fatty minced meat. Therefore, these vegetables might be considered to be fatty dishes; thus, consuming them would significantly contribute to a person's daily fat intake. This suggests that the cooking practices within the culture are working against the protective effects of cabbage and cauliflower. Broccoli intake is low in Jordan because it is not considered to be a traditional vegetable. Mixed vegetables were found to be protective, particularly in men. We propose that a complementary effect of all the combined vegetables gives this potential protective effect against CRC.
Consuming 2 to 4 servings of grapes per week and 2 servings of kiwi per week was found to be protective against CRC; however, as the number of servings increased, the risk of CRC increased (P for trend < 0.05). Jordanians eat the whole grape, including the seeds, so the protective effect of grapes could be due to compounds found in grape seed, which has been documented in other studies of grape seed, grape seed extract, or both. 27, 28 Other research has also revealed that grape seeds increase cancer cell apoptosis and inhibit multiple processes, including the signaling related to epigenetics, growth, proliferation, oncogenes, metastasis, and inflammation. 27, 29 Ko et al 30 demonstrated that consuming grape and kiwi or the juices of these fruits may reduce cell damage from oxidative stress, suggesting that this effect may be a consequence of the antioxidant activity of fruits in scavenging the reactive oxygen species generated during the metabolic processes. A study by Platt et al 31 revealed that kiwi exerts a protective effect against the genotoxic effects of carcinogenic heterocyclic aromatic amines in immortal mammalian cells. Alternatively, an in vitro study showed that açaí, cashew apple, kiwi, and strawberry had mutagenic effects when assayed at high concentrations (5%, 10%, and 15%). 32 This could partially explain the results of the current study that demonstrated exceeding 2 servings of kiwi per week may be associated with CRC risk.
Jordanians eat dates throughout the year and on a daily basis; for religious reasons, they may also eat the whole fig fruit when the fruit is in season. With regard to consuming figs and dates, the present study shows an inverse association with the development of CRC: As the number of servings of figs or dates increased by no more than 1 serving a day, the risk for developing CRC significantly decreased. We are not aware of any research on the association between figs or dates and any type of cancer. However, in vitro studies have demonstrated an antitumor effect in some substances found in figs (benzaldehyde) 33 and dates (β-D-glucan). 34 In a study conducted by Fu et al, 35 7 fruits were found to possess high antioxidant capacities and phenolic contents, and these fruits could be an important dietary source of natural antioxidants for disease prevention, particularly diseases caused by oxidative stress (eg, cancer). Solomon et al 36 investigated the correlation of the skin color of figs with their antioxidant capacity and found that the extracts of darker-colored varieties had higher contents of phytochemicals compared with the lighter-colored varieties.
Study Limitations
Limitations of the current study emerged from the dependence on self-reported data, which were not validated with records; therefore, recall bias is expected. However, the FFQ has previously been validated to be adequate for measuring macronutrient and micronutrient intake.
14 In addition, participants were conveniently selected, and the impact of cooking on the bioavailability of different nutrients was not taken into consideration.
Conclusions
Total vegetable consumption was significantly associated with a reduced risk of developing colorectal cancer. Although the consumption of cruciferous vegetables was positively associated with colorectal cancer, the consumption of figs and dates were inversely associated with colorectal cancer risk. Therefore, patients should be encouraged to consume a variety of fruits and vegetables on a daily basis. Further studies are recommended to investigate the findings of the current study, particularly in relation to the consumption of cruciferous vegetables.
